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STATEMENT  OF  THE  PROBLEM  STUDIES 


A  method  for  the  amplification  of  microwaves,  based  on  the 
space-charge  interaction  of  electron  streaming  sheets  with  different 
velocities  in  a  semiconductor,  is  obtained.  A  theory  of  an  n+  -  n  -  n+  GaAs 
diode  is  formulated.  We  consider  electron-charged  sheets,  each  of  which 
has  a  different  average  velocity  due  to  the  doping  concentration  gradient 
along  the  thickness  direction.  A  dispersion  relation  is  obtained  for 
space-charge  waves  in  the  semiconductor,  and  a  numerical  analysis  is 
used  to  claculate  the  propagation  constant. 

Comparisons  of  MESFET,  bipolar  transistor  and  static  induction 
transistor  class  C  amplifiers  have  been  presented.  Simplified  modellilng 
of  the  l-V  charcteristics  and  input  circuits  is  employed. 

In  view  of  the  importance  of  damped  harmonic  oscillators  as  a  model 
irvultrasmall  solid  state  devices,  Boson  operators  for  generalized  quantal 
harmonic  oscillators  with  time-dependent  mass,  frequency,  damping  and 
driving  forces  have  been  presented.  A  constrained  dynamical  formulation 
of  the  dampled  harmonic  oscillator  system  has  been  obtained.  Then 
generalized  classical  Hamiltonian  based  on  the  Dirac  theory  and  its 
quantal  counterpart  are  given. 


1 .  In  a  solid-state  travelling-wave  amplifier  a  maximum  of  1 8dB 
gain  in  the  3-90  GHz  band  can  be  achieved. 

2.  The  silicon  bipolar  transistor  leads  among  the  three  divices 
(bipolar,  MESFET  and  static  indiction  transistor)  in  output  power,  gain  and 
efficiency.  The  InP  MESFET  followed  by  the  GaAs  can  give  power 
comparable  to  thie  bipolar  type  with  slightly  lower  gain  and  efficiency. 

The  static  induction  transistor  has  higher  power  potential  but  its  gain  and 
efficiency  are  both  moderate. 

3.  A  completely  new  approach  to  the  phenomenological  quantal 
dissipation  problem  has  been  formulated  and  solved  based  on  Dirac's 


constrained  dynamics. 
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